After harvest and storage problems are major dilemma, which requires to be looked into carefully in developing nation like Nigeria. This paper presents a development of low-cost hybrid solar dryer for food preservation with the objective of setting optimum drying parameters for the preservation of cassava and tomato products. The work was carried out by designing, constructing and finally evaluating the hybrid dryer for effective performance. The optimization of the drying parameters was done using composite technique (Response surface method). The assessment of the dryer shows that 150 Kg cassava mesh and 5000 grams of tomato with 35% and 94% moisture content, respectively were dried to 100 Kg and 334 g with 10% moisture level for 4 hours and 11 hours respectively, for cassava and tomato. The optimization result shows that the dryer will perform optimally with drying temperature of 62˚C and 48˚C for cassava and tomato respectively with 24% and 91% moisture uptake. Therefore, sustainable techniques for preservation of food are essentially required. Hybrid solar dryer is an alternative to consider in the situation.
thermal energy stored in the dryer in the day time, or draw excess heat from the dryer to the heat storage area [2] . In less developed nations, the conventional type of drying is by open air, which usually increases the rate of food contamination and nutritional deterioration [2] . As a result of recent tides toward exorbitant cost implication of fossil fuels and skepticism toward oncoming cost, availability and sustainability, utilization of solar energy in food conservation has presumably increased, thus becomes highly profitably realistic in the future. Solar dryers have merits over the conventional sun drying if correctly designed [2] . Quick drying rate has been provided by heating the air above ambient temperature, thereby allowing the air to move faster through the dryer. As good as the use of dryer in combating the risk of food spoilage and improving nutritional quality, caution must be taken when drying some vegetables in that spontaneous drying will lead to mass destruction of the product.
Several works were conducted on solar dryer to test the energy efficiency and cost effectiveness using different kinds of foods and vegetables. According to Sharma [3] drying of tomatoes and mushrooms can be cost and energy effectual with solar dying. According to Karathanos and Belessiot [4] , solar drying experiments were flourishingly implemented with currants, plums and apricots fruits. Also, Bala et al. [5] , a tunnel dryer covered with a flat plate solar collector was utilized in the drying of slices of pineapple. A direct kind of congenital convective solar dryer was examined with fruits making interactions between drying kinetics and heat balance (Gbaha et al. [6] . Thepent [7] tried out a combined solar tunnel dryer with biogas for perpetual uninterrupted drying of banana and mango. The dryer worked under solar radiation during the day and make use of the biogas as an auxiliary heat source, operating simultaneously both day time and night time. Desiccants are a chemicals related adsorbent, which sponges moisture that comes with physical and chemical changes [8] . Majority of absorbents are mostly liquids and solids. Silica gel has strong affinity moisture and releases it at a higher temperature. A fixed desiccant bed was used in a solar dryer during day and extended the drying process through nighttime [9] . Riyad and Jacques [10] adopted a fixed silica gel bed integrated to an apricot solar dryer to shortening the drying cycle from 55 to 44 hours. Gurtas and Evranuz [11] utilized low temperature up to 40˚C silica gel for drying mushrooms lowering the Maillard browning reaction rate. This paper is aimed at developing a low-cost sustainable hybrid solar dryer for vegetables and tubers (tomatoes and cassava) with the objectives of examine the energy efficiency of the dryer in term of drying time of the products and the optimisation of the drying parameters for the dryer. 
Materials and Methods
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Design Consideration
Design of the Dryer
The system comprises of four parts, the drying apartment constructed with brickwork scaling 6.8 m in length and width respectively, with four sides without window. The openings with net provide vents (lower and upper) for moisture escape and permits natural air flow in the system. The polycarbonate material serves dual purposes as roof and solar radiator. Two aluminium drums inserted to the back wall and projected into the drying apartment provide means of radiating heat into the apartment. There are two alternatives to consider in placing the products; a rack system or an elevated metal stand. The elevated stand type was chosen due to easy adaptability of the design whereby the surface for drying was designed with stainless steel and angle iron as stands. The surface for drying is twice it degree as energy receptor when the surface is illuminated. Heat is reserved and alienated unto the product to be dried by spreading thinly on it.
Design of the Drying Apartment
The major design considerations of the drying apartment are listed as follow: [13] . Figure 1 shows the design of the drying chamber.
1) Size in mass of product to be dried per batch or day and capacity of the drying cabinet to contain the material.
2) Cubage of the dryer (kg/batch).
3) Method of loading and removing the product. Journal of Sustainable Bioenergy Systems 5) Modality of channeling hot air through the product to be dried.
6) Potent dissemination of hot air through the dryer.
7)
Openings as a means of escape of the warm moist air from the drying apartment.
Thermodynamics of Drying within Chamber
The mass of hot air that is necessary to dry specific mass of the product is determined as follows:
Energy Balance Equation
The energy balance equation expresses the concept as follows:
The energy accessible from the air via the product in the dryer must be the same as energy required to vapourise the moisture content. The withdrawal of moisture from a surface via vapourization demands a measurable heat equitable to the latent heat of vapourization of water plus an amount of air flow over the surface of the product to push away the water vapour released. Therefore, the expectation in solar dryer is to achieve optimum temperature T f and air flow m a to drive away certain amount of water, m w . Therefore, it is calculated thus:
where m w is the mass of water vapourized, L is the latent heat of vapourization, ma is the mass of air disseminated, C p is the specific heat capacity of dry air and T f , T i are the final and initial temperatures respectively.
Consequently, the volume of air can be determined using gas laws:
Therefore,
where m w , the quantity of water vapourised can be evaluate from moisture ratio scale, or using energy balance equation. Due to the fact that vapour pressure of
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bound water in hygroscopic material is less than saturation, the impact of bound water is also to be taken into consideration. Also, the value of the vapour pressure must be relatively higher than the latent heat value selected. The expressions are useful in evaluating different parameters as mentioned. For this purpose, these were used in evaluating the mass of air needed for drying tomatoes and mashed cassava tuber products [14] . Table 1 shows the moisture contents and permissible temperature for different products.
Performance Evaluation of the Hybrid Dryer
The following criteria were taken to consideration in the evaluation of the dryer: 1) Direct technique of trapping solar energy 2) Drying temperature in the range of 50˚C -70˚C 3) Discretional method of heating 4) Direction of air flow. An unload examination of the heat gradient of the developmental dryer was carried out on the 15 th of January 2016 with temperature condition, warmest (32.2˚C), coldest (22.4˚C) and precipitation (1 mm) The temperature was clocked at the space of 20 minutes interval by means of Hobo data clocking device which was set on the stainless steel drying surface. A maximum temperature of 65˚C was achieved, which was within the limit of design consideration temperature acceptable for drying cassava and some other edible products. 5000 g of fresh tomatoes and 150 kg of pulverized cassava mash with a moisture content of about 94% wet basis and 35% wet basis respectively were packed Source: [15] .
into the dryer at 8:05 AM and 12.05 PM respectively, to achieve a targeted 10% moisture content simultaneously (minimum permissible moisture content). The moisture content of the products was measured with a moisture meter at space of time of twenty minutes. The energy utilized for the dryer was gotten from the solar rays and addition heat from the drying chamber. 100 kg dry weight of cassava was weighed after drying time of 4 hours, while 334 g dry weight of tomatoes was weighed after drying time of 11 hours at the targeted moisture content of 10% for both products. Figure 2 and Figure 3 show the physical structure of the drying chamber and the progress of drying process of the products respectively.
The optimisation of the drying process was done using response surface methodology. Table 2 and Table 3 show the results of the drying process of cassava and tomatoes. Figure 4 (a) and Figure 5 (a) show the drying profiles for cassava and tomato products. These were responses of the products to drying temperature of the dryer per time. In Figure 4 , the drying of cassava started at 12:05 pm in the mid-day at the drying temperature of 60˚C. Between the periods of 12:05 -1:05 pm, the drying temperature steadily increases to 65˚C. The temperature was very high at this period as a result of combination of heat from the drying chamber and solar energy. A steady drying temperature was observed at 65˚C for about an hour during the course of the drying process. The temperature flunctuately dropped between 64˚C and 63˚C at 2:25 to 3:45 pm, which finally dropped to 60˚C at 4:05 pm. The flunctuating drop in the drying temperature was due to drop in solar energy (weather condition).
Results and Discussion of Results
In Figure 6 , the drying process for tomato commenced at 8:05 am with drying temperature of 31˚C. The drying temperature was very low at this period due to only heat from the drying chamber was available for the drying process. A steady Journal of Sustainable Bioenergy Systems been vaporised. This is achievable due to the fact that the dryer was operating at the maximum design temperature of 65˚C. The percentage moisture uptake was gradually reducing thereafter until the 10% targeted moisture level was achieved.
In Figure 5 (b), steady rate of moisture uptake was also observed at the initial stage to a tune of 3.5% within 4 hours of the drying process. A sharp decrease from 3.5% to 2.4% in the rate of moisture uptake was observed during the process due to misbehavior in the material used in the combustion chamber thereafter was an increase to the tune of 3.7% moisture uptake. At that time, 56%
of the moisture had been vaporised. The rate of moisture uptake was observed to decrease until the targeted 10% moisture level was achieved. Table 4 shows the output of the performance test for the hybrid solar dryer.
Optimisation Results
Drying process parameters were identified as drying temperature, drying time and percentage moisture uptake. The optimization of the drying parameters was carried out to determine the optimum values of the parameters that will yield the best result. Table 5 and Table 6 show the some optimum values for drying temperature, drying time and percentage moisture uptake for cassava and tomato products respectively, from series of solution using design expert software. From table 5, the best fit optimum parameters for cassava product are drying temperature of 62.2˚C, at 13:26 drying time to achieve 22.84% moisture uptake. While for tomato products, the best fit optimum parameters are 48.77˚C drying temperature at 13:40 drying time to achieve 91.3% moisture uptake. Figure 6 and Figure 7 show optimum parameters responses of cassava and tomatoes products. All the financial implication of design and construction of the hybrid dryer was shown in Table 7 . 
Conclusion
Solar system of drying is an encouraging technology for drying of food products for less developed country like Nigeria, where there is abundance in solar energy. This can reduce the post-harvest food spoilage which is a major challenge in the country to a large extent. Despite drying condition varies from one product to another, a dryer may be designed to accommodate different products with good checked of parameters such as temperature and the mass flow rate. The performance evaluation of the case study shows a successful design and an evidence of a worthwhile sustainable technology that should be given mass puffery.
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